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(54) System of multicarreir modulation with dynamically scalable operating parameters 



(57) The scaleable OFDM system according to the 
principles of the present invention provides increased 
flexibility and adaptability by providing scaling of the op- 
erating parameters and/or characteristics for the OFDM 
system. For example : control circuitry can scale the bit 
rate by scaling ol the OFDM symbol duration, the 
number of carriers and/or the number of bits per symbol 
per carrier. Scaleability permits the scaleable OFDM 
system to operate in various communications environ- 
ments requiring various operating parameters and/or 
characteristics. By scaling the operating parameters 
and/or characteristics of the OFDM system when control 



circuitry determines that different operating parameters 
and/or characteristics are necessary or advantageous, 
the control circuitry can dynamically change the operat- 
ing parameters and/or characteristics, thereby providing 
compatibility or the desired performance. For example, 
by dynamically scaling the bit rate, widely varying signal 
bandwidths, delay spread tolerances and signal-to- 
noise ratio (SNR) requirements can be achieved. As 
such, a scaleable OFDM system is particularly suitable 
for application in mobile, wireless communication devic- 
es, which support a variety of services, in a variety of 
environments, indoor as well as outdoor and in radio 
channels with differing bandwidths. 
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Description 

BACKGROUND OF TH E INVENTION 
5 1. Field of The Invention 
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range ot physical environments. 
2. Description of Related Art 



OFDM is a block-oriented modulation scheme that maps N data symbols into N orthogona earners sep a ed by 
a distance o, ,/T. where T is the block period. As such, 

send data bits in parallel over muKiple, adjacent earners jn the transmission 

carrier transmis S1 on is that inter-symbol .nterference due to «>^^™ t f ansm ssion 0 , subsequent 

ehannel can be reduced or even eliminated by insemrig '^^tSTSS S£ an important advantage 
symbols, thus avoiding an equalizer as requ.red ,n symb0 , arriving at the receiver 

over single carrier modulation schemes. The guard time allows delayec cop.es slems , rom ils 

alter the intended signal, to die ou, before the succeeding '^^^^^^SZ. A need exists 
abilhy to overcome the adverse effects 1™^^ environments, 
for a flexible OFDM system which provides the advantages 01 urum iu * y 

SUMMARY OF THE INVENTION 

The sealeable OFDMsystem accord 
adaptability by providing scaling o. the opera tog J^J^SSS^tan. the number o. carriers and/ 
control circuitry can scale the transmission rate by OFDM systerrl , 0 operate in various 

or the numbe, of bits per symbol per carrier. Scaleabity ^ m ^^^^2s By sca «ng the operating 
communications environments requiring variousoperat,ngpararne e,s^^ 

parameters and/or characteristics of the ^^^^^JS^Z^ ^nge the op- 
rameters and/or characteristics are necessary or a ^ ant ^ e0 ^ m 1 ^ ^ Z ned performance. For example, 

erating parameters and/or characteristics, thereby proy.d.ng compat.b. rty or the M ^, aXto 
by dynamically sealing the bit rate, widely varying signa b^dw,djhs detey sp ^^ suSle for application in 
(SNR) requirements can be achieved. As such, a sealeable ^^»P^3- environments indoor as 
mobile wireless communication devices, which support a var.ety of services, .n a variety 

well as outdoor and in radio channels with ditf OFDM modulation system, a coded OFDM 
in accordance with aspects of certain embodiments o the i scateac He uru / Jhe 

modulation system can be designed wrth an upper hml on ,th <^«^™Z^«c*to**c«^ 
control circuitry can dynamically scale the number ot carriers below ™* 8 " The contr0 | circuitry 

the link reliability and/or to decrease the peak-to-average power -teM modu|atjon system s^eable transmission 
in accordance with yet other embodiments of the units can have 

rates permit asymmetric data rates between mobile units "l^^^jKInS^ mobile, while 
lower data rales than the base stations by allocating only a fraction of the total I numbero I car ne 
, he base stations transmit at all carriers simultaneously. >«^'»r*^^ 
unit could have a larger downlink data rate than uplink da *J a <^ 

system, mobile unitsand base stations ™ bi,e as ^ 35 P ° SSib ' e ' 

antennas with any additional processing done at the .base ^ b sendi teedback through the 
The sealeable OFDM modulation system can use an adaptive antenna at the oasc oy a 
uplink, for example, when channel characteristics of uplink and downlink are not identical. 

PBIPF DESCRIPTION OF THE DRAWINGS 

. Other aspects and advantages of the present invention may become apparent upon reading the toft** detailed 
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description and upon reference to the drawings in which: 

FIG. 1 shows a block diagram of an embodiment of an OFDM transmitter according to certain principles of the 
present invention: 

£ FIG. 2 shows a diagram for explaining the windowing of OFDM symbols: 

FIG. 3 shows a plot of an OFDM power spectrum for explaining the effects of changes to certain parameters of an 
OFDM transmitter; 

FIG. 4 shows a block diagram of an embodiment of an OFDM receiver according to certain principles of the present 
invention; and 

10 FIG. 5 shows an OFDM system using OFDM transmitters and receivers according to the principles of the present 

invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

is | llustrative embodiments of the improved OFDM system with scaleable operating parameters and/or characteristics 

according to the principles ot the present invention are described below as the improved OFDM system might be 
implemented to provide a flexible communications system for use in a variety of communication environments. Scale- 
ability permits the scaleable OFDM system to operate in various communications environments requiring various op- 
erating parameters and/or characteristics. By scaling the operating parameters and/or characteristics of the OFDM 

20 system when control circuitry determines that different operating parameters and/or characteristics are necessary or 
advantageous, the control circuitry can dynamically change the operating parameters and/or characteristics, thereby 
providing compatibility or the desired performance. For example, by dynamically scaling the bit rate, widely varying 
signal bandwidths, delay spread tolerances and signal-to-noise ratio (SNR) requirements can be achieved. 

The scaleable OFDM systems can be characterized by various operating parameters, including the following: 

25 

number of carriers (N); 
symbol duration (T s ); 
number ol bits per symbol per carrier (m): 
forward error correction coding scheme; 
30 coding rate: and 

the fraction of the symbol duration that is used as guard time. 

By varying these parameters, various operating characteristics can be scaled, including the following: 

35 transmission rate (bit rate or data rate); 

signal-to-noise ratio (the larger the SNR, the lower the bit error rate); 
delay-spread tolerance; 
signal bandwidth; and 
implementation complexity 

40 

The scaleable OFDM system can scale operating parameters and/or characteristics in various ways. For example, 
to dynamically scale the transmission rate, the scaleable OFDM system can dynamically adjust the symbol duration, 
coding rate, the number of bits per symbol per carrier and/or the number of carriers depending upon the required or 
desired operating parameters and/or characteristics. In this particular example, depending upon how the control cir- 
45 cuitry scales transmission rate, the scaleable OFDM system scales delay spread tolerance, signal to noise ratio, and 
signal bandwidth in different ways, making the scaleable OFDM system an attractive scheme tor the implementation 
of flexible, (dynamically) scaleable communication systems. 

For example, to double the transmission rale of the scaleable OFDM system the following operating parameters 
and/or characteristics of the system can be dynamically scaled or adjusted: 

so 

1 . The coding rate. In general, a channel code is applied to reduce the rate of bit errors caused by OFDM-specific 
channel impairments, such as multipath among the carriers. The rate of such a code can be varied to trade off bit 
rate against bit error rate. 

2. The carrier modulation scheme. By doubling the number of bits per symbol per carrier, the bandwidth and delay 
55 spread tolerance does not change, but the SNR is reduced, thereby resulting in a higher bit error rate. 

3. The symbol duration. By halving the symbol duration, the delay spread tolerance is halved, signal bandwidth is 
doubled, but implementation complexity is only increased by a factor of 2 (due to the speed-up by a factor of two). 

4. The number of carriers. By doubling the number of carriers, delay spread tolerance remains the same, the signal 
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bandwidth doubles and the implementation complexity is quadrupled (both number of operations and speed are 
doubled) for an IDFT implementation or by 2(n + 1)/n if an IFFT implemenlat.on is used. 

An additional scaling parameter which can be changed is the ratio of guard time and symbol 
ratio affects SNR (aTarge relative guard time claims energy that would otherwise go into the s,gnal) and transrnsaon 
rale (a Ser relate guard time reduces the bit rate) and the delay-spread tolerance (a larger relate guard t,me 

^Tlto^ sign, circuitry ,1 which rece.es a data stream ™ from a 

riata source 12 The coding block 14 receives the data stream and partitions the data stream into successive groups 

LSg to other aspects of the present invention, varable data rates with OFDM are achieved by using drtferent 
foS error correction coding schemes and/or variable modufction schemes for each earner as controlled by dynamic 
comrol S?15 For example, if a mobile unit is at the edge of a coverage zone, the dynamic control arcurtry can 
dec eas^he^ng rate to lower the data rate with the advantage of increased delay spread to e ranee and bene 
S^R performance Such a decrease in coding rate is followed by a decrease Jn spectra, effidency amount of b.ts per 
second which can be transmrtted in a certain bandwidth) proportional to the decrease , m > cod ng rate. 

in accordance with the principles of the present invention, the dynam.c control c. cuwy « be 
any of a number of possible inputs toset the coding block 14 to the appropriate coding rate. For example, ™™™»™ 
Smem the dynamic rate control circurtry 1 5 can detect transmission errors, such as through feedback no* an 
OFDM ^ce ver (FIG 4) and dynamical* reduce the coding rate. Alternatively, each data packet could have a fixed 
2de induing ^th app opriate coding rate, or in a transceiver application, the coding scheme could 
Se oHhe received input from another transmitter (not shown). Final*, the dynamic rate control circuitry 15 could be 

r Tn n s S im= 

per carTr (for example, by changing the constellation sizein embodiments using phase 

By ZZ Z the numbed bitter symbo, per carrier, the bandwidth and delay sP-ad ^ggg 
the SNR is reduced resulting in a higher bit error rate. To scale the number of bits per symbol per earner, fa example, 
Ee dynamic rate control circuitry 1 5 can change from QPSK (quaternary or 4-PSK) modulation to f***™?* 
Sons such as 8-PSK, or to other modulation schemes, such as QAM (quadrature amplrtude modutafon, e.g., 

30 ^"Theblocks ol coded data brts are input into an N-points complex IFFT (Inverse Fast Fourier Transform) ift where 
N is the number of the OFDM carriers. In this particular embodiment, the IFFT 16 is performed on btete*2N coded 
dafa btt i rented from the coding block 14. In practice, the transmitter 10 has to use oversampling to Produce an 
o ut spSrum wl°ou, aliasing Lch introduces unwanted frequency ^^^.ur^^ 

in,o Ar« 

produce an OFDM symbol. In particular embodiments according to the principles of the present mention, the control 
circurtrv 15 scales operating parameters and characteristics, such as transmission rate, by changing the symbol du- 
ration T tS k ep'ngVnumber of carriers N constant. In this particular embodiment, the control crcurtry J5 ac- 
complished by conLing the clock 17 toadjust the time base to the IFFT 16. By decreas.ng he symbol duratioa 
7™ZsTvZ«™* increase in the transmission rate is achieved. At the same time, the d^lM 
fs decreased However, this is usua.fy not a problem, because the higher data rate also means a decrease ,n range, 

raw Sata rateSe order of 270 kbps. to indoor wireless LANs, with data rates up to 20 Mbps. Maximum dela spread 
dements are 6 ps for mobi.e telephony down to about 200 ns for wireless LANs. Further we require the , OF DM 
sS to occupy a bandwidth of 200 kHz for the mobile telephony case, in order to be compatible wrt GS* channel 
soTcina M these requirements can be met by using OFDM with 32 carriers and a variable symbol du ration T of 200 
us down to ps For a symbo, duration of 200ms, a guard time o, 20 ps is included to deal w.th the delay spread Ths 
ofves a carrfer spacing of 1/(180 ps) h 55.6 kHz. This means there are exaclly 36 carriers possible in a bandwidth of 

00 kHr B 7using 4 carriels as'guard band, in order to fulfll, spectrum 
transmission Using OPSK with 2 bits per carrier per symbol, this gives a raw data rate of 32.2/(200 ps) - 320 , Kpos. 

BTdecreasingme OFDM symbol duration in the above described example, the data rate can be .ncreased a the 
cost of a decreased delay spread lolerance. The maximum allowable delay spread .s proportional to the OFDM guard 
ime^ 

to 2.5 ps. including a guard time of 250 ns. These parameters g«/e an occupied bandw.dth of 16 MHz and a raw 
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of 25.6 Mbps. 

Table 1 lists several parameter options for various scaleable transmission or data rates. The first three options are 
for 32 carriers, the next three for 64 carriers, showing larger delay spread tolerance and a slightly smaller occupied 
bandwidth. 

5 

Table 1: 



Examples of parameter options for scaleable data rates, assuming OPSK modulation of all carriers. 


Symbol duration [u.s] 


Guard time [|is] 


Number of carriers 


Bandwidth [MHz] 


Raw data rate [Mbps] 


200 


20 


32 


0.2 


0.32 


10 


1 


32 


4 


6.4 


2.5 


0.25 


32 


16 


25.6 


400 


40 


64 


0.19 


0.32 


20 


2 


64 


3.78 


6.4 


5 


0.5 


64 


15.11 


25.6 



The advantage of this OFDM modulation system over the existing GMSK modulation of GSM is higher spectrum 
efficiency and better spectrum properties in terms of adjacent channel interference. OFDM can have relatively large 
peak-to-average power ratio, but dynamically scaling the number of carriers can reduce the peak-to-average power 
ratio. 

In this particular embodiment, the control circuitry 15 can provide variable transmission rates as well as other 
operating features by scaling the number ol carriers. By transmitting a subset of the maximum number of carriers 
designed for the particular OFDM system, the decrease in data rate is proportional to the decrease in the number of 
transmitted carriers. Decreasing the number of transmitted carriers can also combine modulation technique and Me- 
dium Access Control (MAC), since multiple users can transmit simultaneously in the same band : using different sets 
of carriers. An additional advantage of such an approach is that the peak-to-average power ratio per user is reduced. 
This means a better power efficiency can be achieved, which is very important tor battery-driven devices. Arte mat ively, 
the dynamic control circuit 15 can scale the number of carriers by directing the modulation of only part ol the phases 
onto adjacent carriers. Such a result is advantageous if the encoder has to operate in a channel with a smaller available 
bandwidth. 

In accordance with certain embodiments of the present invention, the dynamic control circuitry 15 can dynamically 
change N to vary the number of carriers. For example, the N-points IFFT 16 can be dynamically reduced to a X-points 
IFFT 16 where X<N. In this particular example, the IFFT 16 is designed to handle the N carriers as the maximum 
number of carriers and dynamically scaled to less than N carriers by performing an X-point IFFT 16 according to the 
control signals from the dynamic rate control circuitry 15. Alternatively, the dynamic control circuitry 15 can dynamically 
direct the OFDM transmitter 10 to transmit fewer than N carriers by calculating the IFFT for less than 2N input bits, 
leaving the other values zero and thereby permitting multiple access. 

To decrease the sensitivity to inter-symbol interference, the cyclic prefixer and windowing block 18 copies the last 
part of the OFDM symbol and augments the OFDM symbol with the copied portion of the OFDM symbol. This is called 
cyclic prefixing. The control circuitry 1 5 can control the cyclic prefixer and windowing block 1 8 to adjust the guard time 
and/or the traction of the guard time to symbol duration, for example, to the values listed for the above OFDM system 
example. To reduce spectral sidelobes, the cyclic prefixing and windowing block 18 performs windowing on the OFDM 
symbol by applying a gradual roll-off pattern to the amplitude of the OFDM symbol. The OFDM symbol is input into a 
digital-to-analog converter after which it is sent to the transmitter front-end 22 that converts the baseband wave form 
to the appropriate RF carrier frequency in this particular embodiment for transmission over antenna 24. 

FIG. 2 shows a basic representation of the windowing of an OFDM symbol where T s , is the total symbol duration, 
T is the FFT time, i.e., there are N samples in T seconds. The carrier spacing is 1/T in Hz, and T G is the guard time 
which helps reduce the intersymbol interference caused by multipath. The roll-off time is represented by P T s , where 
P is the roll-off factor. FIG. 3 shows an OFDM power spectrum in dB. The x-axis is normalized to carrier spacing, and 
the three (3) dB bandwidth has 16 carriers 60a-60p. Changing the FFT time T will change the spacing between the 
carriers 60a-p. Increasing the number of carriers N for a constant sampling rate 1/T will increase the number of carriers 
60a-p while keeping the carrier spacing fixed, thereby increasing the width of the transmitted OFDM power spectrum. 
Decreasing the number of carriers N will similarly lead to decreasing the width of the transmitted OFDM power spectrum. 
Decreasing the sampling rate 1/T will increase T and decrease the carrier spacing, thereby decreasing the width of 
the transmitted OFDM symbol. 
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, i -nrptnFIG 4 the transmitted OFDM signal is received by an OFDM receiver 30 having signal 
With particular referen ce t F S^the Uansmrtted g ^ ^ ^ cjrcuUry 

circurtry 31 through a selected OFDM signal is input into an analog-to-digital converter 

34 and automatic gain control (AGC) block 36 ™* P'^** ^Vo orovide a gain estimate teedback signal to the AGC 

a timing signal to a Fast Fourier Transform (FFT) bl ^* 6 , , K 47 ovjdes scaleable operating 

in accordance with aspects of the present t ^ c ^ C Sry 47 can receive inputs trom the 

parameters and/or characteristics at the recerver 30. The d V^f jont oh wcuniy fc ^ 

transmitter 10 (FIG. 1 ), .rom external settings ^^^^J.^ii provided by clock 49. The 
control circuitry 47 con.rote the operate of the ^ <s«mbol duration by aVering the time base from the clock 49 
dynamic control circuitry 47 car , dynam,caNy ^^JS^L^ 2CK controlling the operation o. the 
,o the FFT 46. Additionally, the dynamic control *^*™£££oL on the OFDM symbol, but depending on 
FFT 46. The FFT 46 is designed to perform an N-po.nf fast ffourier traraiornr i on , ne y dynamica ii y 

the control signals Irom the dynamic control circuitry 47, can perform an X-po.nt FFT where 
chanqe the number ot carriers. *i~ v rarriprc; are inDUt into a phase estimation 

,! the case of the maximum number of carriers, the ^^^K^iSSL of the N carriers and 
block 46 and a phase compensation block 50. The f"*™™^ ^SS^Sb N carriers accordingly. The 
provides phase estimates to the phase compensa Uon block 50 which «^^ es ^ o) , ne trans . 

compensated carriers are input into ^^^^^^^^^^ on its Inputs, the dynamic 
mrtter 10 (FIG. 1) and provides the data s.gnals to the dat , he decoding rate and/br the demodulation 
control circuKry 47 can control the decoding block 52 to ^^^^SSS. such as the data rate . 
scheme, thereby dynamically changing the operat.ng ■^^STiSEKi a number ot remote stations 74 
FIG. 5 shows an improved OFDM system 7 cons.* n I of . bas ste ,on 72a ^ ^ ^ 

which use dynamically sca.eable OFDM The dynamk: control circuitry 1 5 (FIG. 

of the present invention to provide a dynam,cally scaleable °^^^ a ^J cs bctween the baS e station 72 
1) and 47 (FIG. 4) provides scaleability of operafng system starts wrth low 

and the remote units 74. In the case of dynam.cally scahng the data rate, W J Q( , he 

data rate between the base station 72 and a remote unr. 74. Then the ^ J ™ c °" y e , |jty de . 

signals, after which the dynamic control c.rcurtry 47 parame ,ers to use in the reverse 

or parameters to use and what data rate or other opera 15 of the transmitter 10 of the 
direction. According.y. the receiver 30 prov.de s fee dback to the dynam ^^J^mrters. such as the data rate, 
receiving station 72 or 74 to dynamically scale the opera, ng J^^*^ 72 or 74 can perlorm the signal 
between the two stations. Alternatively, the receiver ^^^£1 operating characteristics and/ 
quality measurements and send back the quality .nforma .on oi a request to ^^ u « P mjn 9 statjon 72 or 74 . The 
or parameters, such as data rate, through rt s transmn er 10 tothe J^J^^ comrol cjrcult(y 15 at the 

non-centralized OFDM transceivers. arrnr dino to the Drinciples of the present invention, 

Furthermore, in certain embodiments, the OFDM system 70 numbe r o1 carriers. One 

so can be used to .mplement multiple access of muft.-rate systems ^ Vomer carriers, while a third 

remote station 74 could be sending on jus, one ^".er, another f^^ 7 ^ decoding it is ma ndatory 

ss ,h Tme S r« 

base station 72 recerves from and transmits ""^^Jg^Z** and transmitting a. all carriers 
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but that is not realty a drawback, since the base 72 is not battery-driven. 

Transmitting on subsets of carriers provides the possibility ot asymmetric data links, meaning that data rates can 
be different for uplink and downlink. Asymmetric links often occur in practice, e.g.. downloading data. The OFDM 
system 70 can support such asymmetric links by dynamically providing remote stations 74 with a different number of 
5 carriers for uplink and downlink. Also, since in a centralized system the base station 72 can transmit at higher power 
levels than the mobiles 74, it is possible to use higher level modulation schemes on the carriers (e.g. 16 QAM), such 
that the downlink capacity is larger than the uplink capacity 

Advantages of using dynamic control circuitry 15 (FIG. 1 ) and 47 (FIG. 4) to achieve asymmetric rates are: 

10 o Downlink capacity can be made larger than uplink capacity. 

° Uplink capacity can be shared by dividing total number of carriers into subsets. 

o Mobiles 74 can transmit longer packets at a lower rate compared to pure TDMA. This has the advantage that the 
average transmitted power is lower (simpler power amplifier) and also that the relative overhead caused by training 
is reduced. 

is o Mobiles 74 only have to transmit a limited number of carriers, which reduces the peak-to-average power of the 
transmitted signal. This means the mobiles 74 can achieve a belter power efficiency, which is very important for 
battery-driven devices. 

When different mobiles 74 are allowed to transmit simultaneously at different carriers, the following can arise: 

20 

• Symbol synchronization is necessary between mobiles and base station. Such synchronization is already present 
in TDMA systems like GSM. For the described OFDM example with a symbol duration of 200 us, the synchroni- 
zation offset should be limited to about 5 u.s. 

o Some power control is necessary to reduce near-far effects. The near-far effect is less serious than in CDMA 
2B systems, because the OFDM carriers are orthogonal, while CDMA codes usually have some non-zero cross- 

correlation. In OFDM, power control is only needed to reduce the dynamic range of A/D converters in the receiver, 
and to reduce multi-user interference caused by frequency offsets, which may introduce some correlation between 
carriers of different users. 

30 In the previously described OFDM mobile phone option, with 32 carriers delivering 320 kbps in a bandwidth of 200 

kHz, the band can be divided into 8 channels of 4 carriers each. Each channel then carries data at a raw rate ol 40 
kbps : which provides about 70% of redundancy for signaling overhead and forward error correction coding of a 13 
kbps speech signal. 

Thus, the OFDM system 70 can provide the advantages ol asymmetric data rates when needed, such as during 
35 the downloading of data from the base station 72 to the remote station 74 , by dynamically altering the number of carriers 
used lor downlink to receiver 30 (FIG. 4) of the remote station 74 and for uplink from the transmitter 10 of the remote 
station 74. Additionally, the OFDM system 70 can dynamically scale various operating characteristics and/or parame- 
ters for the stations 72 and 74 and can provide different operating characteristics and/or parameters between the base, 
station 72 and different remote stations 74 or provide varying symmetric operating characteristics and/or parameters 
40 between the base station 72 and a remote unit 74. Alternatively, the dynamic scaling of operating parameters and/or 
characteristics between stations to provide different operating parameters and/or characteristics between the stations 
can be performed in a non-centralized OFDM system of transceivers. 

In certain embodiment of the OFDM system 70 of FIG. 5, adaptive antennas 78 can be used at the base station 
72 to make the antenna pattern adaptive and different tor each carrier such that the signal-to-noise plus interference 
45 ratio is maximized tor each carrier. In OFDM, the base 72 simply measures the amplitude of several carriers to obtain 
the spectrum of incoming signal which provides simultaneous adaptive antennas. Adaptive antenna control circuitry 
80 can control the adaptive antennas 78 in the following manner to provide improved performance in the OFDM system 
70: 

so o Base 72 measures uplink channel {N carrier amplitudes, SNR/SIR), assuming downlink channel equal to uplink 
channel; 

• If downlink and uplink channels are not equal because they are at different frequencies for instance (as in UMTS), 
the mobile 74 can send measured downlink carrier amplitudes as feedback over the uplink to the base station 72; 
In uplink, base station 72 uses adaptive antenna to maximize signal-to-noise and interference ratio; and 

ss o in downlink, base station 72 uses measured uplink channel or feedback from mobile to select amplitudes and 
phases for each carrier and each antenna of the adaptive antennas 78. In this way, the OFDM system 70 benefits 
Irom improved antenna gain for each carrier. By transmitting more power in relatively good carriers, power is not 
wasted in carriers which do not reach the mobile 74 anyway. 
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antennas. ,nrih 0ao nal Freauencv Division Multiplexing) modulation system provides mcreased 

without departing from the scope of the present invention. 
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Claims 

1 A method tor providing communication signals according to operating parameters using orthogonal trequency 
division multiplexing, said method CHARACTERIZED BY the step of: 

dynamically scaling at least one of said operating parameters for said method. 

2. The method of claim 1 further CHARACTERIZED BY the steps of: 

40 providing said communication signals at a data rate; and 

dynamically changing said data rate. 

3. The method of Cairn 1 further inCuding the step o, providing OFDM symbo, frorn said communication signals, 
and CHARACTERIZED IN THAT said step ol dynamically scaling includes the step of. 

dynamically changing symbol duration for said OFDM symbols. 

4. The method o, claim 3 CHARACTERIZED IN THAT said step o. dynamical., changing further includes the steps of: 

transforming said communication signals into an OFDM symbol using a fourier transformation; and 
altering a time base for said fourier transformation. 

5. The method o, claim 1 further including the step of providing OFDM symbol* , I rom said communication signals, 
and CHARACTERIZED IN THAT said step of dynamically scaling .ncludes the step of. 

dynamically changing the number of carriers for said OFDM symbols. 

6. The method of claim 1 CHARACTERIZED IN THAT said step of dynamically scaling includes the steps of: 
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coding communication signals according to a coding rate; and dynamically changing said coding rate. 

7. The method of claim 1 CHARACTERIZED IN THAT said step of dynamically scaling includes the steps of: 

modulating carriers according to a first modulation scheme: and 

dynamically changing said first modulation scheme to a second modulation scheme. 

8. The method of claim 1 further CHARACTERIZED BY the steps of: 

transmitting OFDM symbols at an uplink data rate; and 
receiving communication signals at a downlink data rate. 

9. The method of claim 6 further CHARACTERIZED BY the steps of: 

dynamically changing said downlink data rate. 

10. The method of claim 9 CHARACTERIZED IN THAT said step of dynamically changing said downlink data rate 
includes the step of: 

dynamically changing the number of carriers for said communication signals. 

11. A method of receiving OFDM symbols according to operating parameters, said method CHARACTERIZED BY the 
step of: 

dynamically changing at least one of said operating parameters for said method. 

12. An OFDM system for providing communication signals according to operating parameters, said system CHARAC- 
TERIZED BY dynamic control circuitry provides control signals to signal circuitry to dynamically scale at least one 
of said operating parameters. 
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